Regulation of murine macrophage IL-12 production. Activation of macrophages in vivo, restimulation in vitro, and modulation by other cytokines.
IL-12 is important in the host response to a variety of pathogens. It plays an adjuvant-like role in an initial immune response as well as a therapeutic role in established infections. Despite its well documented importance, comparatively little is known about the regulation of IL-12 production. In this study, we examined IL-12 production by cultured murine peritoneal macrophages from two perspectives: 1) macrophage activation in vivo, and 2) stimulation of IL-12 secretion in vitro. Macrophages were maximally activated within 48 h in vivo during infection with Listeria. Interestingly, although avirulent or heat-killed Listeria induced only minimal production of IL-12 by macrophages, the immunogenic combination of heat-killed bacteria and rIL-12 was highly stimulatory for IL-12 production. LPS and peritoneal inflammatory agents were also stimulatory, but latex beads were ineffective, indicating that microbial components were essential and phagocytosis alone was insufficient. Restimulation in vitro revealed similar patterns, in that infection and LPS were stimulatory but latex beads were not. A systematic survey of potential stimulatory agents showed that microbial heat shock proteins, crude bacterial extracts, bacterial superantigens, a yeast extract, and dsRNA induced IL-12 in vitro. Other cytokines also influenced IL-12 induction. IFN-gamma, which is up-regulated during infection, acted in synergy with other stimuli, suggesting an amplification loop for IL-12 production, whereas IL-4, IL-10, IL-13, and TGF-beta were inhibitory. The existence of a broad range of stimuli from a wide variety of pathogenic organisms underscores the fundamental importance of IL-12 in host defense.